Bone morphogenetic proteins (Bmps) are multifunctional growth factors belonging to the transforming growth factor β (tGFB) superfamily and are important in both preservation of kidney function and resistance to injury. BMP2 is highly regulated in the kidney, and high affinity binding sites for BMP2 have been identified in kidney epithelial cells. Bmp2 has been demonstrated to play various roles in the pathogenesis of renal diseases. however, the role of the Bmp2 gene in glomerulonephritis has not been previously investigated. We aimed to evaluate the association of Bmp2 gene polymorphisms with immunoglobulin a nephropathy (igan) in children. We evaluated 187 pediatric patients with biopsy-confimed IgAN and 262 healthy controls. Two coding single nucleotide polymorphisms (cSnps) in the BMP2 gene [rs235768 (missense, Arg190Ser) and rs1049007 (synonymous, Ser87Ser)] were selected and genotyped by direct sequencing. Genotypes of rs1049007 were associated with childhood igan in the codominant model ii (GG vs. AA) [p=0.02; OR (95% CI), 0.16 (0.04-0.70)] and in the recessive model [p=0.0023; OR (95% CI), 0.16 (0.04-0.69)]. We also found an association between rs235768 and IgAN in the codominant model II (TT vs. AA) [p=0.01; OR (95% ci), 0.08 (0.01-0.57)] and in the recessive model [p=0.0002; OR (95% CI), 0.07 (0.01-0.55)]. After Bonferroni correction, these associations of rs235768 and rs1049007 with IgAN risk remained significant. In the haplotype analysis, the TG haplotype [p=0.01; OR (95% CI), 6.76 (1.55-29.50) in the dominant model] and AA haplotype [p=0.01; OR (95% CI), 0.08 (0.01-0.59) in the recessive model] showed associations with IgAN.
Introduction
immunoglobulin a nephropathy (igan) is the most common form of primary glomerulonephritis (Gn). its hallmark is deposition of polymeric iga1 in the glomerular mesangium accompanied by mesangial proliferative Gn (1) . the mechanisms involved in mesangial iga deposition and the initiation of inflammatory glomerular injury remain unclear. The degree of histopathologic injury is extremely variable; this is reflected in the varied pace and severity of clinical presentation noted in this disease. Genetic factors contribute to the development of igan and the progression to renal failure, including the rate of iga deposition, the phenotype of mesangial response and the risk of progressive renal failure (2) .
Bone morphogenetic proteins (Bmps) are the largest group of members of the transforming growth factor β (TGFB) superfamily and were originally identified as boneinducer proteins (3) . in recent years, the importance of Bmp signaling has been linked to the morphogenesis, cell proliferation and differentiation, apoptosis and patterning of various organs (4) . in the kidney, several Bmps are expressed during organogenesis of the metanephric kidney, and in postnatal life Bmps have been shown to be important in both preservation of kidney function and resistance to injury (5) .
BMP2 is a specific member of the BMPs and is highly regulated in the kidney (6) . Moreover, high affinity binding sites for BMP2 have been identified in kidney epithelial cells (7) . a few studies have suggested associations between Bmp2 and renal diseases. in mesangial cells, Bmp2 has been shown to inhibit platelet-derived growth factor (pdGF)-induced c-fos gene transcription and epidermal growth factor (EGF)-induced Elk transcription as well as dna synthesis mediated by mitogen-activated protein kinase (MAPK) (8, 9) . In podocytes, Bmp2 induces reactive oxygen species via up-regulation of id-1 expression, which subsequently inhibits cellular functions (10) . notably, together with Bmp7, Bmp2 has been demonstrated to have the same effect on renal fibrosis by promoting catabolism of type I TGFB receptors (6) .
however, the association between igan and the Bmp2 gene has not yet been reported. With regard to the associations between igan and Bmps, only Bmp7 has been reported by chan et al, who demonstrated that BMP7 has a beneficial effect on igan by ameliorating igan-derived polymeric IgA-induced tumor necrosis factor (TNF) (anti-inflammatory effect) and lymphotoxin α (tnF superfamily, member 1, lta) synthesis (anti-fibrotic effect) in human mesangial cells (11) .
in the present study, we investigated the association between igan and polymorphisms of the Bmp2 gene.
Materials and methods
Subjects. We examined 187 Korean pediatric patients with biopsy-confirmed IgAN and 262 healthy controls. Almost all of the patients were identified through a urinary screening program at schools in Korea. most of the patients showed no symptoms of renal disease and were thought to be at a relatively early stage of the disease. Patients that fulfilled one or more of the following criteria underwent a renal biopsy: i) unexplained prolonged isolated hematuria or proteinuria with a duration of >12 months; ii) concomitant hematuria and proteinuria with a duration of >3 months; iii) hematuria or proteinuria with decreased serum c3 and c4 levels; or iv) decreased renal function. healthy controls were also recruited based on the findings of a routine screening. The screening included the completion of a questionnaire that included the following: symptoms and medical history, blood pressure, electrocardiography, abdominal sonography and laboratory tests, such as complete blood count, fasting glucose level, total cholesterol, triglyceride levels, high-density lipoprotein cholesterol levels, rheumatoid factor, hepatitis B and c viral markers, hemoglobin a1c, liver enzymes, blood urea nitrogen, creatinine, electrolytes and a urinalysis (protein, occult blood and glucose). controls with any abnormal results were excluded. in this study, we did not age-match controls and patients. one of the confounding factors in genetic analysis is the presence of subclinical igan in supposedly normal control populations (2) . igan is known to develop in young adults in their twenties. For this reason, healthy controls >20 years of age were needed to exclude the possibility of subclinical igan. therefore, the presence of an age gap between the two groups appears unavoidable. this study was approved by the Ethics review committee of the medical research institute, Kyung hee university medical center, Seoul, Korea. Written informed consent was obtained from all of the subjects.
Patient subgroups. to determine the nature of the association between single nucleotide polymorphisms (Snps) of Bmp2 and the patient phenotype and histopathological findings, patients were divided into subgroups according to the following laboratory findings: i) the presence of proteinuria at the time of the initial renal biopsy (proteinuria ≤4 or >4 mg/m 2 /h); ii) the presence of gross hematuria. Subgroups were also characterized on the basis of the following: iii) the presence of podocyte foot process effacement upon renal biopsy; iv) disease stage as assessed by pathological markers upon renal biopsy, such as interstitial fibrosis, tubular atrophy or global sclerosis (subjects who had one or more markers were placed in the advanced group and subjects without any of the pathological markers were placed in the early group); and v) the degree of mesangial proliferation (subjects with normal to mild focal mesangial proliferation were allocated to the mild group and those with mild diffuse to severe diffuse mesangial proliferation were allocated to the advanced group). all the demographic characteristics of the igan patients are documented in table i. SNP selection and genotyping. We searched for coding Snps (cSnps) in the Bmp2 gene based on the results of database searches (http://www.ncbi.nlm.nih.gov/SNP, dbSNP BUILD 131). among the Snps in the coding regions, we excluded those with heterozygosity <0.1 (rs2273073, rs79417223, rs2273074, rs34183594 and rs11545591) or without a genotype frequency (rs13037675). Finally, rs1049007 (synonymous, Ser87Ser) and rs235768 (missense, Arg190Ser) were selected. The heterozygosities of rs1049007 and rs235768 were 0.397 and 0.382, respectively. dna was isolated from peripheral blood samples using the roche dna Extraction kit (roche, indianapolis, in, uSa). Snp genotyping was performed by direct sequencing. Genomic DNA was amplified using primers specific for each cSnp of the Bmp2 gene (table ii) . the samples were sequenced using aBi priSm 3730xl analyzer (pE applied Biosystems, uSa). Sequence data were analyzed using Seqmanii software (dnaStar, madison, Wi, uSa). 
Results
We investigated whether or not Bmp2 gene polymorphisms are related to igan by genotyping two cSnps in Korean children. the genetic distributions of all cSnps in this study were in agreement with hWE (p>0.05). as shown in table iii, the genotyping data revealed that two cSNPs in the coding region were significantly associated with IgAN. The rs235768 was associated with IgAN in the codominant model II [p=0.01; OR (95% CI), 0.08 (0.01-0.57)] and in the recessive model [p=0.0002; OR (95% CI), 0.07 (0.01-0.55)]. A significant association was also observed between IgAN and rs1049007 in the codominant model II [p=0.02; OR (95% CI), 0.16 (0.04-0.70)] and in the recessive model [p=0.0023; OR (95% CI), 0.16 (0.04-0.69)]. These results remained significant after Bonferroni correction (p<0.025). however, allelic frequencies were not associated with igan (table iii) . comparisons of the subgroups did not show any significant associations with the cSNPs (data not shown).
through ld block analysis using the Gabriel method (13), we found that an ld block was made between two cSnps ( Fig. 1) . in haplotype analysis, haplotypes tG [p=0.01; or (95% CI), 6.76 (1.55-29.50) in the dominant model] and AA [p=0.01; OR (95% CI), 0.08 (0.01-0.59) in the recessive model] were associated with IgAN (Table IV) . The significant association of haplotypes with igan remained after Bonferroni correction (p<0.025).
We calculated the sample power to verify our data, using a genetic power calculator (http://pngu.mgh.harvard. edu/~purcell/gpc/cc2.html). In our case-control study, sample powers for the SNPs were 0.825 (rs235768, number of cases for 70% power = 175) and 0.814 (rs1049007, number of cases for 70% power = 180), respectively (α=0.05, genotype relative risk 2-fold). Therefore, our case-control study was sufficiently powered for rs235768 and rs1049007 to determine a positive association.
Discussion
Bone morphogenetic proteins are multi-functional growth factors and belong to the tGFB superfamily (3) . their functions include the regulation of embryonic development and cellular homeostasis, such as the regulation of proliferation, differentiation, apoptosis and remodeling of the extracellular matrix. dysregulation of Bmps has been documented in several types of diseases, including cancer, diabetes, fibrosis and renal, auto-immune and cardiovascular diseases (4,14-17).
BMP2 was originally identified as an essential inducer for bone development and repair (18) . clinically, Bmp2 has been used for various therapeutic interventions, such as bone defects, non-union fracture, spinal fusion, osteoporosis and root canal surgery (3) . apart from bone disease, Bmp2 has been shown to be associated with invasion and metastasis of several tumor cell lines (15, 19, 20) and is used as a prognostic marker for specific tumors (21) . Moreover, it is involved in vascular physiology as a proatherogenic mediator in the arterial wall (4) . however, limited data have been reported for the association between BMP2 and renal diseases (6, 22, 23) .
In the present study, the genotypes of rs235768 (missense, Arg190Ser) and rs1049007 (synonymous, Ser87Ser) were associated with childhood igan in a case-control analysis. in addition, the TG and AA haplotypes consisting of rs235768 and rs1049007 were associated with IgAN. However, the table iV. haplotype analysis of Bmp2 gene polymorphisms in the igan patients and controls.
Haplotype
Type mechanisms by which they are involved in the development of igan are not yet known. Bmps exert their biologic actions via transmembrane serine/threonine kinase receptors. Binding of BMP to its receptor stimulates oligomerization of the receptor complex. according to the different oligomerization modes, Bmp2 activates distinct signaling pathways, including the classical Smad pathway and non-Smad pathways, such as mapK signaling through transcriptional effects, and also has non-transcriptional effects, such as cytoskeletal rearrangements (24) . previous in vitro studies have demonstrated that Bmp2 inhibits mapK-dependent gene transcription and DNA synthesis in mesangial cells (8, 9) . Further studies that discriminate between the distinct pathways in the kidneys of igan patients with such polymorphisms may aid in the understanding of igan pathogenesis and present the possibility of individualized gene or cell therapy (4) .
additionally, we analyzed the association between Bmp2 gene polymorphisms and disease progression using clinical and histological parameters. however, neither of the two Snps showed an association with any of the parameters for disease progression. one possible reason is that our patients were enrolled through urine screening tests; therefore, most of them showed no symptoms and had relatively mild Gn. Further studies with subjects in various stages of igan are required to evaluate the association with disease progression.
In conclusion, this study is the first to evaluate the association of Bmp2 gene polymorphisms with childhood igan. the rs235768 and rs1049007 cSNPs of the BMP2 gene may be associated with igan in the Korean population.
